Practical Biochemistry                                                                                  Section Two

Section Two
                                           Blood Tests
Blood:
It is one of the specialized connective tissue called fluid or vascular tissue moves in a closed system known as circulatory system blood tests. The basic component of blood plasma which is a yellow fluid contains blood cells,  which in human represent about 45% of the total blood volume and plasma represents 55%.
There are three types of cells in the blood:
1- Red Blood Cells (RBC):
Small spherical cells with an average diameter of 7.5 microns, characterized by their elasticity, i.e., they can change their shape with the effect of external factor on them, but regain their original form once the effect has disappeared. The number of red blood cells in the human is about (4-5.5) million/ml in of blood and the number in male is greater than female. The main function of red blood cells is transporting respiration gases. It carries oxygen from the lungs to the different tissues and carries carbon dioxide from tissues to the lungs by hemoglobin, which combines easily with these gases. The liver is the main organ that produces these cells in most mammals' embryos. The spleen and lymph nodes come after the liver in terms of producing of these cells. After birth, red blood cells are produced mainly in bone marrow. The age of red blood cells in humans is very short doesn’t exceed 120 days and then they break into small pieces and are consumed by the cells of the internal retinal system.
2- White Blood Cells (WBC):
They are colorless blood cells because they do not contain hemoglobin, but they contain a nucleus. Their size is always greater than the RBC but their number is less. These cells are divided into two main groups:
A- Non-granular cells include:
1- Lymphocyte:  The smallest white blood cells in size characterized by the largest nucleus that almost fills the cell with less cytoplasm that doesn’t contain granules in it. These cells play an important role in the immune process because they produce and secrete antibodies.
2- Monocyte: The largest cells that are found in blood characterized by the kidney nucleus. Their function is swallowing strange bodies such as bacteria and dead cells.
B- Granular cells:

1- Neutrophils: The most numerous WBC , consist (60-65%) of the total    WBC and are most important in defending the body as they increase with the acute inflammation to swallow the germs. The nucleus of the neutral cell consists of a number of lobes ranging from (2-5) lobes.
2-Eosinophils: These cells are characterized by the presence of large granules in the cytoplasm and they represent about (2) of the total WBC, their nucleus consist of two lobes, these cells have the ability of ingestion of the compounds resulting from the interaction of antibodies with the antigen. It also absorbs histamine resulting from allergies and also inhibits the effect of toxic substances entering the body.
3-Basophils: They represent about (0.5-1 %) of total white blood cells. These cells contain heparin (anti-coagulant) and histamine; therefore, counting the number of these cells is useful in studying sensitivity reactions; therefore, there is a link between basophils and histamine concentrations in the blood.
Granular cells differ from non-granular in their origin and function. Granular cells are produced in the bone marrow while non-granular cells are produced in lymphatic organs such as the spleen, lymph nodes and liver. The life time of WBC is between (13-20) days. During this period, the white cells defend the body against any foreign body by ingesting it by phagocytes (Monocyte, Neutrophils, Eosinophils and Basophils) and by antibody production by lymphocytes. In contrast to RBC, most white cells do not function while they are in blood, but they work in connective tissues outside the blood vessels.
3- Platelets:
It is the smallest hematopoietic component, oval-shaped and characterized by the presence of clear granules in the cytoplasm. The platelets are produced in the bone marrow and the production is controlled by Thrombopoyetine Hormone. Their size ranges between (2-4) microns, their life time ranges from (8-14) days. Their number in healthy person is about (150000-400000) per (1 ml) of blood. Platelets contain thromboplastin that plays an important role in the blood clotting process.
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Blood Clotting Mechanism:
Clotting agents, namely, fibrinogen, prothrombin, calcium salts and antithrombin (it is a protein that is anticoagulant) are found in blood. Platelets of blood plasma contain thromboplastin that acts in the coagulation process. If there is any wound or rupture in the blood vessel, the blood is rushes and mixes with the surrounding tissue leading to the release of the thromboplastin from the broken platelets, which react immediately with the prothrombin in presence of calcium ions producing thrombin which directly converts fibrinogen into fibrin, that is insoluble protein mass activates the clotting production. The coagulation mechanism can be summarized as follows:
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Anti-Clotting Materials:
1- Heparin:
it is an anticoagulant that is already present in most body tissues, but its concentration is less than the percentage required for its clotting when any wound happens in the blood vessel. Heparin is classified as a polysaccharide and it is currently commercially available as sodium, potassium or ammonium salts. The action of heparin is due to its antithrombin response, which stands to prevent the transformation of prothrombin into thrombin and thus preventing the formation of fibrin floss from fibrinogen, which is assisted by thrombin.
2- Oxalate:

These include sodium, potassium, ammonium or lithium oxalate where these anti-clotting materials act to precipitate the calcium ions that are essential in the coagulation process. Potassium oxalate is one of the most widely used anti-clotting agents in laboratories, which can be added by 2 mg per 1 ml of blood.
3- Ethylene Diamine Tetra Acetic Acid (EDTA):
It is considered as chelating agent and  used preferably in blood tests because it protects cellular components from damage, it is commonly used as sodium or potassium salt at a concentration of approximately 1-2 mg per 1 ml of blood. The effectiveness of this salt as an anticoagulant is attributed to its ability to correlate with blood calcium and isolate it completely from its process in blood clotting.
4- Sodium fluoride:
It is considered as an anti-hypoglycemic agent in addition to its weak efficacy as anticoagulant. It is used in combination with potassium oxalate in sugar analysis models, while it is not used in blood samples collection for enzymatic analyzes because it inhibits these enzymes and leads to the loss of their biological activity.
Blood Plasma:
It is the liquid part of the blood that remains after the blood cells separation, it is a yellowish liquid (due to the presence of yellow pigments) with a complex composition consist of (91%) water and (9%) the soluble substances in it that are:
· Proteins (albumin, globulin, fibrinogen, etc.(
· Carbohydrates (glucose,)…
· Lipids (cholesterol and phospholipids)…
· Inorganic salts such as salts (Na+, K+, Ca+ 2)

· Non-protein nitrogen compounds (urea, ammonia, creatinine and uric acid(
· Hormones and antibodies.
Blood Volume:

The total blood volume in human body is about 7% of the body weight. The blood volume is about (70 mL) of blood per (1 Kg) of body.
Blood Viscosity:

Determining blood viscosity gives important information about the extent of resistance to blood flow through capillaries and small blood vessels; furthermore, blood pressure .The viscosity of blood is five times greater than that of water, the high viscosity of blood is due in particular to blood cells. The most important factor affecting blood viscosity is the change in the number and size of RBC and WBC .
Blood Types:
1- Venous Blood:

It is the blood taken from the vein, which is used in most of the laboratory tests to find the concentrations of sugar, urea, salts, etc.
2- Arterial Blood:
It is the blood taken from the artery, which is used in special tests such as O2, CO2 and Hb determination especially for patients who are in the intensive care room.
Blood Functions:
1- Transfers oxygen from the lungs to tissue and carbon dioxide from tissues to the lungs.
2- Transfers nutrients to tissues and transfers metabolism wastes to the kidney.
3- Plays an important role in maintaining body temperature.
4- Helps to maintain the acid-base balance in the body.
5- Plays an active role in regulating the water balance in tissues.
6-Transfers metabolism chemical regulators in the body such as hormones and vitamins.
7- Contains a special coagulation mechanism that protects against bleeding.
8- Blood contains white blood cells, anti-toxins and antibiotics that work against microbes, bacteria and foreign objects.
Many laboratory tests are carried out on the blood, so there are three types of blood samples that can be tested:

1- Whole Blood:
Type of the blood Produced by adding anticoagulant to the blood sample , thus it contains all blood components   

2- Serum:
It is obtained by leaving the drawn blood sample to coagulate without anticoagulant then centrifuge  to separate serum (supernatant ) from the blood cells precipitate.
3- Plasma:

It is obtained by adding an anticoagulant agent to the drawn blood sample, then centrifugation to separate the yellow liquid containing fibrinogen Plasma(supernatant) from the precipitated blood cells.
Erythrocyte Sedimentation Rate (ESR)

Erythrocyte Sedimentation Rate (ESR):

It is the rate at which red blood cells sediment in a period of one hour. It is a common hematology test, and is a non-specific measure of inflammation. To perform the test, anti-coagulated blood is traditionally placed in an upright tube, known as a Westergren tube, and the rate at which the red blood cells fall is measured and reported in mm at the end of one hour.

There are 3 stages in erythrocyte sedimentation:
1. Stage 1 : Rouleaux formation) negatively charged red blood cells)
2. Stage 2 : Sedimentation or settling stage 
3. Stage 3 : Packing stage - 10 minutes (sedimentation slows and cells start to pack at the bottom of the tube)
In normal conditions, the red blood cells are negatively charged. Therefore, negatively charged red blood cells repel each other and do not stack over each other. Besides, if the viscosity of blood is high, red blood cells would to the base, thus lowering the ESR.
The rate of erythrocyte sedimentation is affected by both inflammatory and non-inflammatory conditions. In inflammatory conditions, fibrinogen, other clotting proteins, and alpha globulin are positively charged, thus increasing the ESR. In non-inflammatory conditions, plasma albumin concentration, size, shape, and number of red blood cells, and the concentration of immunoglobulin can affect the ESR.

The value of ESR does not change whether dialysis is performed or not. Therefore, ESR is not a reliable measure of inflammation in those with kidney injuries as the ESR value is already elevated.
ESR begins to rise at 24 to 48 hours of inflammation, decreases slowly as inflammation resolves, and can take weeks to months to return to normal levels. For ESR values more than 100 mm/hour 
Clinical significance:

The physician use ESR test to follow the patient repose for treatment. ESR level is increased in the following cases:

1. Inflammation.
2. Auto immune disease as Rheumatoid arthritis and cancer.
3. In women during menstruation and pregnancy
4. Non-inflammatory conditions that can cause raised ESR include anemia, renal failure, obesity and ageing
ESR level is decreased in the following cases:

1. ESR level is decreased in case of sickle shape red blood cells or spherocytosis.
2. An increased number of red blood cells (polycythemia) causes reduced ESR as blood viscosity increases.
3. Leukemia,
4. Congestive heart failure.
Normal Values:

The normal value of ESR increases in progressive of age and female more than male:

	Age
	Male
	Female

	Younger than 50 year
	15 mm/hr
	20 mm/hr

	Older than 50 year
	20 mm/hr
	30 mm/hr

	Older than 85 year
	30 mm/hr
	42 mm/hr


Experiment Principle (Westergren Method):

       The rate of red blood cells sedimentation is measured by Westergen tube. Westergen tube is very easy to use and doesn’t need any energy source. It is a straight tube with 30 cm height and 2.55 mm in diameter and is scaled from (0-200) millimeters.

Nowadays, automated analyzers had been introduced into the clinical laboratory; the ESR test has been automatically performed.

Procedure:

1. Dilute 2 mL of blood with 0.5 mL of 3.8% sodium citrate or 0.5 mL of 0.85% sodium chloride.

2. Fill westergren tube with the sample till the zero mark (above) and leave it vertically in its special shelf at room temperature and without vibration or direct exposure to light.

3. After 60 minutes, the distance from the zero mark to the top of the erythrocyte level is read in milliliters. This reading is the value of the ESR.

Blood Hemoglobin (Hb)
Hemoglobin abbreviated Hb, is the iron-containing oxygen-transport metalloprotein in the red blood cells. Hemoglobin in the blood carries oxygen from the lungs or gills to the rest of the body (i.e. the tissues). There it releases the oxygen to permit aerobic respiration to provide energy to power the functions of the organism in metabolism. A healthy individual has 12 to 16 grams of hemoglobin in every 100 ml of blood. The iron could be recycled from the old red blood cells.
Each subunit of hemoglobin is a globular protein (globin) with a heme group inside. The globin is a tetramer (which contains four subunit proteins) called hemoglobin A, consisting of two α and two β subunits non-covalently bound, each made of 141 and 146 amino acid residues, respectively. This is denoted as α2β2. The subunits are structurally similar and about the same size. Each subunit has a molecular weight of about 16,000 daltons. The four polypeptide chains are bound to each other by salt bridges, hydrogen bonds, and the hydrophobic effect. While heme group consists of an iron (Fe) ion (charged atom) held in a heterocyclic ring, known as a porphyrin. This porphyrin ring consists of four pyrrole molecules cyclically linked together (by methine bridges) with the iron ion bound in the center. The iron ion, which is the site of oxygen binding, coordinates with the four nitrogen atoms in the center of the ring, which all lie in one plane. The iron is bound strongly (covalently) to the globular protein via the N atoms of the imidazole ring of F8 histidine residue (also known as the proximal histidine) below the porphyrin ring.

When the number of red blood cells or hemoglobin decreases, this condition is known as anemia; it means a decrease in the body's ability to produce healthy red blood cells, or it is damaged very quickly before another cells are replaced. As a result, red blood cells that carry oxygen to tissues are decrease and a state of exhaustion is generated.
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Some symptoms of red blood cells decrease are: paleness of the skin, paleness in the color of the lips, color of the syphilis, weakness of the eyelids soles and the hand grip, accelerating the heartbeat when exerting the least effort, tightness of breath when exerting the slightest effort, pain in the chest.
Normal Values:

1. Male 13-17 g / dL
2. Female 12-16 g / dL
Common anemia types and their causes include:

1. Iron deficiency anemia: The bone marrow needs iron to produce hemoglobin, and the body acquires iron from the food; so anemia may be caused by an iron-deficient diet or by the inability to absorb iron from foods due to intestinal dysfunction.

2. Vitamin deficiency anemia: In addition to iron, the body needs folic acid and vitamin B12 to produce enough healthy red blood cells. So, if there is lack in these substances in diet then anemia occurs.

3. Anemia caused by chronic diseases: Chronic diseases such as AIDS (HIV), cancer, liver fatigue and the last stage of kidney failure may interfere with the production of red blood cells, which leads to a chronic anemia. The kidneys produce a hormone called erythropoietin that stimulates the bone marrow to produce red blood cells so kidney failure is considered as an important cause of anemia.
4. Aplastic anemia: Anemia is life threatening and results from a decline in the ability of the bone marrow to produce three types of blood cells, namely red and white blood cells and platelets. A serious infection such as hepatitis, exposure to toxic chemicals or some drugs may lead to aplastic anemia.
5. Hemolytic anemia: This type develops as red blood cells are damaged more rapidly than they do by the bone marrow. Some blood diseases may increase red blood cell damage, or autoimmune disease may make the body produce antibodies to red blood cells that damage them early and may lead to hemolytic anemia causing a pale skin and spleen inflation.

6. Sickle cell anemia: It is a hereditary and dangerous type of anemia and is caused by a distorted shape of hemoglobin which forces the red blood cells to take an abnormal crescent shape. These abnormal cells die early, causing a chronic lack of red blood cells, and sickle-shaped red blood cells may prevent blood flow through small blood vessels in the body, leading to other symptoms that are often painful.
Procedure:

There are a number of ways to measure the proportion of hemoglobin, the best and most accurate is that depends on the calculation of the rate of platelet sedimentation in micro centrifuge device.

- Fill a capillary tube containing anticoagulant with blood produced by the prick of finger and then close one end of the capillary with wax dedicated for this purpose.
- This capillary tube is placed against another capillary tube containing distilled water in the micro centrifuge for five minutes. 

- Put the capillary tube containing the model (plasma + platelets) on the ruler to calculate platelet sedimentation so that the upper limit of the plasma corresponds to the upper limit of the end of the ruler.

Platelet sedimentation rate is read on the ruler and the following law is applied to calculate hemoglobin.

Hb (g/L) = platletes-1/3
Serum Proteins
Proteins:
Proteins are the most prevalence cellular molecules, consist of about 50%  of a living cell. The term "protein" derived from the word "proto" which means "first" in Greek language
Proteins have a significant structural and functional role, such as participation in the formation of cell walls, stimulation of biochemical reactions and regulation functions such as hormones.
There are two types of proteins in the human body, soluble and insoluble protein clinical tests depend on the soluble type for easy use of liquid samples instead of solid samples .Each one of the body liquid samples (serum, urine and spinal cord fluid) contains many types of proteins, but our study will be limited to serum proteins that can be analyzed .
The Total concentrations of proteins in the serum range from 6.2-8 gm/dL in normal cases, where serum proteins structural consist of total proteins test includes test of  albumin and globulin levels; furthermore there are other types of proteins like enzymes, hormones, lipids and glycoproteins which are found in low concentration.
The level of albumin in the serum is between (3.8-5.4 gm/dL) that means more than half of proteins level in the blood. The most important functions of albumin are:
1- Preserving osmotic pressure and regulating water distribution between plasma and tissue.
2- Transports water-soluble compounds such as fatty acids, bilirubin, uric acid, hormones and some water-soluble drugs such as aspirin.
3- Carrying many ions such as calcium ions Ca+ 2 where is 50% of calcium associated with albumin in.
Different types of Globulin are found in plasma ((1, (2, β and γ); whereas (1-globulin  is a  (1-antitrypsin, glycoprotein and high density lipoprotein (HDL), while (2-globulin is found mainly in two forms haptoglobin and ((1-macroglobulin); β-globulin consists primarily from very high density lipoproteins (VHDL) such as transferrin that binds specifically to iron assisting in its transfer, or low density lipoprotein (LDL), in addition to γ-globulin that contains antibodies responsible for immunity against many diseases so it is called immunoglobulin.
The following diagram illustrates different types of serum proteins.
[image: image4.wmf]D

i

e

t

 

p

r

o

t

e

i

n

D

e

a

m

i

n

a

t

i

o

n

U

r

e

a

H

2

N

C

H

C

R

O

H

O

N

H

3

H

2

N

C

N

H

2

O


Clinical Significance of Proteins:
The level of serum proteins is altered in many diseases, so it is recommended to measure the level of total proteins and then find the level of albumin and globulin in addition to using electrophoresis technique to find more about the secondary parts of the globulin, which gives more accurate diagnosis, especially in liver, kidney and malignant diseases.
The following table illustrates some of the pathological conditions associated with a change in the level of proteins:
	Disorder
	Globulin
	Albumin
	Total Protein

	Dehydration
	High
	High
	High

	Multiple Myeloma
	High
	Normal
	High

	Hepatic Damage
	High
	Low
	Normal

	Cirrhosis
	High
	Low
	Normal

	Renal Diseases
	Normal
	Low
	Low

	Nephrotic Syndrome
	Normal
	Low
	Low

	Sever Malabsorption
	Normal
	Low
	Low

	Massive Burns
	Low
	Low
	Low

	Extensive Bleeding
	Low
	Low
	Low

	Dilution
	Low
	Low
	Low


Principle:
Proteins concentration is measured by Biuret method, which is based on the interaction of alkaline copper sulfate with the peptide bonds in the protein that gives a violet-colored complex measured at a wavelength of 546 nm, this method is accurate and sensitive. In case of measuring albumin level only, globulin should be precipitated by 28% Na2SO3, then the same steps of measuring total protein level are followed. To calculate globulin concentration albumin concentration is subtracted from total protein concentration.
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Procedure:
The following additions are made in three clean test tubes:
	Reagents
	Blank (B)
	Standard (S)
	Test (T)

	Reagent Blank
	0.06 mL
	------
	------

	Standard
	------
	0.06 mL
	------

	Serum
	------
	------
	0.06 mL

	Biuret Reagent
	3 mL
	3 mL
	3 mL


Mix well and then leave in incubator for 30 minutes at 25 ºC. The absorbance of the colored solution is measured at wavelength 546 nm.
Calculations:
[image: image5.wmf]U

r

e

a

 

 

 

+

 

 

 

H

2

O

U

r

e

a

s

e

2

N

H

3

 

 

 

+

 

 

 

C

O

2

N

H

3

 

 

 

+

 

 

 

N

a

O

C

l

 

 

 

+

O

H

C

O

O

N

a

N

O

O

C

O

O

O

C

O

H

-

-

S

o

d

i

u

m

 

s

a

l

i

c

y

l

a

t

e

S

o

d

i

u

m

 

h

y

p

o

c

h

l

o

r

i

t

e

2

,

2

-

D

i

c

a

r

b

o

x

y

l

I

n

d

o

p

h

e

n

o

l

(

 

g

r

e

e

n

 

c

o

l

o

r

e

d

 

)


Normal values:

1. T. Protein     6.2-8 gm/dL
2. Albumin       3.8-5.4 gm/dL
3. Globulin       1.3-3.2 gm/dL
Reagents Preparation:
1. Biuret Reagent: Dissolve 3 g of hydrous copper sulfate and 9 g of sodium-potassium tartrate in 500 ml of 0.2N NaOH solution. Add 5 g of potassium iodide and fill to 1 L volume with 0.2N NaOH solution.
2. Reagent Blank:  Dissolve 9 g of sodium-potassium tartrate in 1 L of 0.2N NaOH solution.
Serum Glucose
Glucose:
It is one of the important carbohydrates that is a main source of energy in human being. Glucose is a  monosaccharide contains six carbon atoms , known also hexose.
Glucose products from carbohydrate digestion in intestine then it is transported to blood then to liver where it is either stored as Glycogen or metabolized to carbon dioxide and water to supply the body with the necessary energy (especially the brain) . Glucose is also transformed into ketoic acids, amino acids and proteins or transformed into lipid and stored in the  adipose tissue.

The normal value of glucose in the serum ranges between                       75-120 mg / dL .   When the amount of glucose is higher than this value, this is known as hyperglycemia, while if the value is below normal, this is known as hypoglycemia.
The normal level of blood glucose can be maintained in case of fasting for long periods of time (which leads to a decrease in the amount of glucose gained by the body from food) by consuming glycogen stored in the liver to produce glucose; this process is known as Glycogenolysis. If the blood glucose level is increased (as a result of increased intestinal absorption), excess glucose is transferred to the liver and enters the process known as Glycogenesis to produce Glycogen that stored in the liver and muscle.

The blood glucose level is regulated by a number of hormones that can be summarized as follows:
1- Insulin: It is secreted by beta cells in pancreas, a protein-hormone that activates the process of glycogen production resulting in a decrease in blood glucose level.
2- Growth Hormone and Adrinocortico-Trophic Hormone: Both hormones are secreted by the anterior pituitary gland and they have an anti-insulin effect. There is a positive correlation between the concentration of these hormones and blood glucose concentration.
3- Hydrocortisone Hormone: It is secreted by the adrenal cortex and activates the process of glucose synthesis from non-carbohydrate sources in a process known as Gluconeogenesis.
4- Epinephrine Hormone: It is secreted by the adrenal cortex and assists in the process of glycogen hydrolysis to glucose.
5- Glucagon Hormone: It is secreted from alpha cells in pancreas and activates the process of glycogen hydrolysis leading to an increase in glucose level in blood.
6- Thyroxin Hormone: It is secreted from the thyroid gland and activates glycogen hydrolysis that leads to an increase in glucose absorption rate in the small intestine resulting in high glucose level.
Clinical Significance of Glucose:
Diabetes Mellitus is one of the most important diseases related to increased blood glucose level, that is characterized by a decrease of insulin level in blood, this decrease disables glucose from entering the cells of liver and muscle to form glycogen; this in turn lead to disrupts the metabolism of proteins and fats causing an increase in the generation of ketone bodies and thus the occurrence of diabetic coma.
Principle (King-Garner method):

This method is based on the reductive properties of glucose that reduces the copper sulfate solution in alkaline medium to copper oxide, which in turn reduces the solution of phosphomolybdic acid to phosphomolybdous acid (blue molybdenum) forming a blue; this solution absorption is measured at a wavelength of 640 nm and the color intensity is positively related to glucose concentration.
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Principle
In the trinder reaction 1,2 , the glucose is oxidized to D-glucoate by the glucose oxidized ( GOD) with the formation of hydrogen peroxides . in the presence of peroxides( POD) , a mixture of phenol and 4-aminoantipyrine ( 4-AA) is oxidized by hydrogen peroxide , to from      a red quinoneimine dye proportional to the concentration of glucose in the sample.
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β – D-Glucose + H2O                                  D- Gluconate + H2O2
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4-AA + Phenol                                  
Quinoneimine +  H2O
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Procedure:
	Reagents
	Test
	Test blank
	Standard
	Std. blank

	Isotonic solution
	3.7 mL
	3.7 mL
	-----
	-----

	Serum
	0.1 mL
	-----
	-----
	-----

	Distilled water
	-----
	0.1 mL
	-----
	-----

	(10%) Sodium tungstate
	0.2 mL
	0.2 mL
	-----
	-----

	Mix well then centrifuge for 10 min

	Supernatant
	1 mL
	1 mL
	-----
	-----

	Standard
	-----
	-----
	1 mL
	-----

	Distilled water
	-----
	-----
	-----
	1 mL

	Mixture of solutions A&B
	1 mL
	1 mL
	1 mL
	1 mL

	Close the tubes with cotton and place in a boiling water for 10 min, then cool under tap water

	Phosphomolybdic acid
	3 mL
	3 mL
	3 mL
	3 mL

	Mix well and leave at RoomTemp. for 10 min until the blue solution is formed

	Distilled water
	5 mL
	5 mL
	5 mL
	5 mL

	Read the absorbance directly at 640 nm


Calculations:
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Reagents Preparation:
1. Isotonic Solution: 320 mL of (3%) Na2SO4.10H2O + 30 mL of (7%) CuSO4.5H2O.

2. Solution A: 13 gm CuSO4.5H2O dissolved in 1L H2O.

3. Solution B: 50 gm NaHCO3 (dissolved in 700 mL H2O) + 40 gm Na2CO3 + 36.8 gm potassium oxalate in 120 mL H2O + 24 gm sodium potassium tartrate in 100 mL H2O. Complete the volume up to 1L with H2O.

4. Phosphomolybdic Acid: (152.2 gm ammonium molybdate + 20 gm sodium tungstate + 800 mL of (10%) NaOH) boil vigorously for 20 minutes to expel NH3 then cool, dilute to 1400 mL with H2O and add 500 mL of (85%) phosphoric acid. Dilute up to 2L with H2O.

5. Standard Stock: 100 mg Glucose in 100 mL H2O.

6. Working Standard: 2 mL Stock in 100 mL H2O (saturated with benzoic acid)
Serum Urea
Urea:
Urea is one of the non-protein nitrogen compounds. are creatine, creatinine , uric acid, ammonia and amino acids. They are all chemical components of  blood that are usually studied to determine kidney function due to their direct relationship with Kidney Function  . Currently, urea is expressed as urea nitrogen to distinguish between the amount of nitrogen in urea and the amount of nitrogen found in non-protein nitrogen compounds. Urea nitrogen is called "Blood Urea Nitrogen" (BUN).

To determine the amount of nitrogen found in urea, follow these equations:
Molecular weight of urea = 60. Each urea molecule contains two nitrogen atoms, each one weight = 28
The amount of nitrogen present in one molecule of urea = 28/60 = 0.467

So the amount of urea nitrogen (BUN) = quantity of urea x 0.467

Urea is considered as one of the most important protein metabolites. The removal of amine group from amino acids leads to the formation of urea. This process usually occurs in liver cells. The excess of nitrogen is removed out of the body as urea excreted in urine .
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Normal blood urea level is 15-40 mg / dl, which increases normally either by consuming large amounts of protein or growing older, urea is normally decrease in women during pregnancy and children under puberty.
Clinical significance:
The estimation of urea level in serum is currently one of the most important tests for kidney function and kidney diseases diagnosis.

The most important diseases that can be diagnosed according to the increase or decrease in urea level are:
A- The Most Important Pathological Cases in which Urea Level is Increased:
1. Impaired renal function.

2. Chronic nephritis.

3. Renal failure.

4. Nephrosclerosis.

5. Glomerulonephritis.

6. Obstruction of urinary tract.

7. Cardiac failure.

8. Intestinal obstruction.
B-The Most Important Pathological Cases in which Urea Level is Decreased:

1. Liver diseases.
2. Malnutrition.

3. Acute dehydration.
Principle:
The method is based on the conversion of serum urea to ammonia by Urease enzyme, later in alkaline, ammonia reacts with the sodium salicylate and sodium hypochlorite to form a green complex called Indophenol that absorbs at a wavelength 580 nm.
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Procedure:
	Reagents
	Blank
	Standard
	Test

	Standard
	-----
	30 μL
	-----

	Serum
	-----
	-----
	30 μL

	Working solution
	3 mL
	3 mL
	3 mL

	Shake. Incubate for at least 5 minutes at 37 ºC or 10 minutes at 20-25 ºC. Then add:

	Alkaline reagent
	3 mL
	3 mL
	3 mL

	Shake. Incubate for at least 5 minutes at 37 ºC or 10 minutes at 20-25 ºC. Then measure the absorbance at 580 nm


Calculations:
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Reagents Preparation:
1. Working Solution: [(52 mmol/L) sodium salicylate + (1 mmol/L) EDTA + urease + (2.83 mmol/L) sodium nitroprusside] in (40 mmol/L) phosphate buffer pH 8.

2. Alkaline Reagent: (83 mmol/L) sodium carbonate + (3.75 mmol/L) sodium hypochlorite.

Serum Creatinine
Creatinine
It is a non-protein nitrogenous compound found in muscles, brain, and blood. Creatinine produced by loss of water from cretine. Creatinine ( or what so called methyl guanidine acetic acid) is formed in liver or pancreas from three amino acids, arginine, glycine and methionine. After formation of creatine, it is transferred to the blood vessels and is distributed to many cells in the human body, especially muscle cells. In muscles, the high-energy phosphatase group is bond to creatine by a phosphate bond; this process is called creatine phosphorylation. High-energy compound is formed called creatine phosphate that plays an important role in muscle contraction and relaxation.
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Creatinine is the final product of creatine metabolism, so it is considered as waste product derived from creatine, and it is removed out by kidney with urine. Creatinine level is not so changeable in the blood; its value is almost constant for the healthy person; where 2% of the creatine is converted into creatinine daily.
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Clinical significance:
Estimation of creatinine is one of the most important tests in evaluating Kidney function, which contributes mainly and particularly to the diagnosis of kidney disease.
The most important diseases that can be diagnosed according to creatinine level changes are:
A- The Most Important Pathological Cases in which Creatinine Level is Increased:
1. Muscular dystrophy.

2. Muscular atrophy.

B-The Most Important Pathological Cases in which Creatinine Level is Decreased:

1. Acromegaly.

2. Renal failure.

3. Nephritis.

4. Uremia.

5. Congestive heart failure.

The normal value of creatinine ranges between 0.7-1.4 mg / dL and this value increases in case of kidney deficiency and reaches 5 mg / dl.
Experiment Principle:
The proteins in the serum are separated first by adding trichloroacetic acid, and then adding sodium picrate is added in alkaline medium, which reacts with the creatinine to form a red complex ( creatinine picrate) measured at a wavelength of 520 nm. This reaction is called Jaffe reaction.
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Procedure:
	Reagents
	Test
	Standard
	Blank

	Trichloroacetic acid (TCA)
	1 mL
	-----
	-----

	Serum
	1 mL
	-----
	-----

	Mix and centrifuge for 10 minutes, then:

	Supernatant
	1 mL
	-----
	-----

	Standard
	-----
	1 mL
	-----

	Distilled water
	1 mL
	1 mL
	2 mL

	Picric acid
	0.5 mL
	0.5 mL
	0.5 mL

	NaOH
	0.5 mL
	0.5 mL
	0.5 mL

	Mix. Wait for 15 minutes at 25 ºC and then measure the absorbance at 520 nm


Calculations:
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Reagents Preparation:
1. Trichloroacetic acid: (20%).
2. Picric Acid: Boil 1L H2O. Cool it, and then add 11.75 gm picric acid. Filter the solution and store in brown bottle.
3. Sodium Hydroxide: (10%).
4. Stock Standard: 1 gm creatinine dissolved in 1L of (0.1N) HCl.
5. Working Standard: (0.01 mg/mL): 10 ml stock creatinine solution in 1L of (0.1N) HCl.
Serum Cholesterol
Cholesterol:

It is a soft yellow fat substance presents in most tissues in humans and a large amount of cholesterol is found in brain and nervous tissues  it consists     (1-5%) of biliary material, also it is an essential component of certain hormones, especially adrenal and sexual hormones. It is found in the blood in two forms where it forms with the other fats about (1-2%) of the blood components:
1. Free Cholesterol: It is equivalent to one-third of total cholesterol already exists in the blood.
2. Cholesterol Esters: They are equivalent to two-thirds of total cholesterol in the blood.

Cholesterol belongs to the derived fat group and consists of a steroid unit consisting of the distinct steroid nucleus rings A, B, C and D.

Cholesterol is found in many types of food that , especially food rich  of saturated fatty acids such as animal fats, meat, milk and its derivatives. furthermore Cholesterol Level in the blood can also increase because of consumption of sugar and alcohol.
Cholesterol level  is lower in vegetarians and staruted people .            Blood cholesterol decreases during physical activity, but food rich of oils rich  (unsaturated fatty acids) can also lower the blood cholesterol.
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The human body does not rely on food to get cholesterol, but it is synthesized internally from simple organic materials containing acetyl group such as amino acids, fatty acids, carbohydrates , but The liver is still the main organ in producing cholesterol, where the total amount synthesized is (1 gm) per day approximately, while the estimated amount of cholesterol gained from food is (0.8 gm) per day in normal cases with a proper digestion and absorption processes.
        Cholesterol absorption occurs of  the gastrointestinal tract and transmitted through the blood circulation to the liver, part of it is transformed to gallbladder salts through transforming to gallbladder acids. Gallbladder salts have a great importance in emulsification and digestion of fat in small intestine; 90% of intestine gallbladder salts is re-absorbed and transferred to the liver again in a cycle known as the internal liver cycle; while excess cholesterol is subtracted out of the body with waste products by feces in process known as partial disposal of cholesterol.
Clinical Significance:
Cholesterol is the main component in gallbladder acids (which plays an essential role in lipid digestion) and steroid hormones synthesis. Cholesterol level has no particular specificity in diagnosing of particular disease because it is affected by many pathological cases and its tolerance extent varies according to person and pathological cases. Its clinical significance is directed towards atherosclerosis, where its level increases in such a way similar to heart disease in general.
Normal value of cholesterol ranges between 140-280 mg / dL
A- The Most Important Pathological Cases in which Cholesterol Level is Increased:
1. Atherosclerosis.

2. Heart diseases.

3. Diabetes mellitus.

4. Nephrotic syndrome.

5. Obstructive jaundice.
B- The Most Important Pathological Cases in which Cholesterol Level is Decreased:
1. Severe hepatitis.

2. Hyperthyroidism.

Principle:
Cholesterol concentration is estimated according to the following reactions leading to the formation of quinoneimine colored complex and the absorbance is measured at a wavelength 500 nm using the spectrometer.
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Procedure:
	Reagents
	Blank
	Standard
	Test

	Standard
	-----
	30 μL
	-----

	Serum
	-----
	-----
	30 μL

	Distilled water
	30 μL
	-----
	-----

	Working solution
	3 mL
	3 mL
	3 mL

	Mix. Incubation at 20-25 ºC for 10 minutes then measure at 500 nm


Calculations:
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Reagents Preparation:
Working solution: Dissolve [(0.5 mmol/L) 4-amino antipyrene + peroxidase + cholesterol esterase + Cholesterol oxidase] in 100 mL of [(0.1 mmol/L) phosphate buffer + (15 mmol/L) phenol]. 

Serum Bilirubin

Bilirubin:

It is the main pigment among yellow pigments stored in the gallbladder, bilirubin is found in very small quantities in serum, which gives the serum its distinctive yellow color. Bilirubin resulted mainly from red blood cell damage. Reticule-endothelial system cells, especially those found in the liver, spleen and bone marrow devour red blood cells and converts hemoglobin to bilirubin according to the following steps:
Hemoglobin is dissociated to heme and globin, then iron is separated from heme forming a green molecule called Biliverdin that is converted by liver enzymes into an orange molecule called Bilirubin, then bilirubin is moved from reticule-endothelial system cells to the blood and binds with the albumin with a weak bond and moves through the blood circulation and known as uneducated-bilirubin then reaches the liver and binds to glucuronic acid forming bilirubin-diglucuronid that is known as conjugated-bilirubin, which is stored in gallbladder.
Any obstruction in the bile duct causes the secretion of bile into gallbladder leading to its return to the blood causing abnormal increase in its level; this is known as obstructive jaundice. Conjugated bilirubin stored in gallbladder travels within the secretion of bile to the small intestine, contributing to the digestion of fats into uroblinogen, where part of it is re-absorbed by the liver moves to the kidney where it is secreted with urine; while another part is transferred to the large intestine and converted to urobilin and secreted with feces.
According to what mentioned above, blood bilirubin is divided into two types:
1. Conjugated Bilirubin or Direct Bilirubin: This is characterized by being soluble in water.
2. Unconjugated Bilirubin or Indirect Bilirubin: This is insoluble in water but soluble in organic solvent such as methanol.
Clinical Significance:
Any disorders happens in the process of bilirubin metabolism leads to Jaundice disease, which is characterized by the appearance of yellow-brown pigment on the skin, sclera and mucous membranes; therefore, the clinical significance of blood bilirubin level determination concentrates mainly on jaundice diagnosis. Jaundice can be divided into three types:
1-Hemolytic jaundice: Result from red blood cell decomposition in case of hemolytic anemia or may be caused by neonatal jaundice.
2-Hepatic jaundice: In this type of jaundice, liver failure in its ability to bind bilirubin with chlorocoronic acid increases the rate of bilirubin in blood, also both viral hepatitis and liver cirrhosis lead to elevated blood bilirubin levels.

3- Obstructive jaundice:  Result from a blockage in the bile duct (bile ducts or cervical vesicles) resulting in large amounts of bilirubin returning to the blood and increasing its normal level.
Principle:
The method of measurement is based on the conversion of bilirubin to a red-purple compound called azobilirubin by its interaction with diazotized sulfanilic acid (the product of sulfanilic acid reaction with sodium nitrite). The color intensity is proportional to bilirubin concentration in the blood sample. In presence of dimethyl sulfoxide, total bilirubin reacts with diazotized sulfanilic acid to form azobilirubin. In the absence of dimethyl sulfoxide, direct bilirubin only interacts with diazotized sulfanilic acid to form azobilirubin.
Procedure:
1- To measure total bilirubin concentration, add the following:
	Reagents
	Standard blank
	Standard
	Test blank
	Test

	Standard
	50 (L
	50 (L
	-----
	-----

	Sample
	-----
	-----
	50 (L
	50 (L

	Reagent 1
	1 mL
	-----
	1 mL
	-----

	Working solution 1
	-----
	1 mL
	-----
	1 mL

	Mix well and incubate exactly 5 minutes at 37 ºC. Read the absorbance of standard and test against their blank at 555 nm


Calculations:
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2- To measure direct bilirubin concentration only, add the following:

	Reagents
	Standard blank
	Standard
	Test blank
	Test

	Standard
	50 (L
	50 (L
	-----
	-----

	Sample
	-----
	-----
	50 (L
	50 (L

	Reagent 2
	1 mL
	-----
	1 mL
	-----

	Working solution 2
	-----
	1 mL
	-----
	1 mL

	Mix well and incubate exactly 5 minutes at 37 ºC. Read the absorbance of standard and test against their blank at 555 nm


Calculations:
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Normal Values:
Total Bilirubin: 0.2-1 mg/dL.

Direct Bilirubin: 0.0-0.2 mg/dL.

Indirect Bilirubin: 0.2-0.8 mg/dL.

Reagents Preparation:
1. Reagent 1: (30 mmol/L) sulfanilic acid + (150 mmol/L) hydrochloric acid + (7 mol/L) dimethyl sulfoxide.

2. Reagent 2: (30 mmol/L) sulfanilic acid + (150 mmol/L) hydrochloric acid.

3. Working solution 1: Mix 20 volumes [(30 mmol/L) sulfanilic acid + (150 mmol/L) hydrochloric acid + (7 mol/L) dimethyl sulfoxide] with 1 volume (20 mmol/L) sodium nitrite.

4. Working solution 2: Mix 20 volumes [(30 mmol/L) sulfanilic acid + (150 mmol/L) hydrochloric acid] with 1 volume (20 mmol/L) sodium nitrite.

Transaminase 
They are enzymes that transfer amino group from amino acid to ketonic acid, which is an important step in the metabolism of amino acids and these enzymes include:
1- Glutamate Oxaloacetate Transaminase (GOT):
This enzyme belongs to the class of enzymes called transaminase or transferase and its classification number (EC: 2.6.1.1). It is also called aspartate amino transferase (AST).
Enzyme Properties:
1. The reaction activated by this enzyme is:   
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2. The substrate of the enzyme (AST) is aspartic acid and (- keto glutaric acid.
3. The enzyme is found naturally in a number of body tissues. The heart is one of the most important sources of this enzyme in addition to liver, muscles of the skeleton and kidney; Any damage occurs in these tissues leads to an increase in this enzyme level than its natural value.
4.  The normal value of the enzyme ranges between 2-22 IU / L ,(IU) It is the universal unit for measuring the activity of the enzyme known as the effectiveness of the enzyme that produces one micromol of pyrovic acid or oxaloacetic acid within one minute under the optimum conditions of temperature and PH by the action of one liter of serum. 

5. Most are anticoagulants negatively affected the enzyme activity, so it is therefore recommended to use serum rather than plasma to measure GOT enzyme level.
6. Optimum conditions for enzyme activity are 37 ºC and PH = 7.4.
7. The level of GOT enzyme increases in case of Myocardial infarction where it will be about (2-10) times more than the normal value within 24-36 hours of infection and returns to normal value after five days of disease attack if there isn’t any other complications. The high activity of the enzyme is positively correlated to the degree of heart muscle damage.
8. The enzyme is sensitive to temperature, where it is stable for three days at room temperature, one week at 5 ºC and one month at -20 ºC.
Clinical Significance:
The significance of GOT estimate is Grade base in the clinical diagnosis of heart and liver disease, where it is highly specific in such cases and the most important pathological conditions that increase the level of the enzyme are.

1. Myocardial infarction (MI).

2. Liver diseases:
    a-Viral hepatitis.

    b- Liver cancer.

    c-Liver cirrhosis.

   d-Obstructive jaundice.

   e-Biliary obstruction. 

 3.Muscular dystrophy.

Principle:
The principle of the enzyme reaction is based on the ability of the enzyme to convert aspartic acid to oxaloacetic acid, which is automatically converted to pyruvic acid after losing carbon dioxide molecule then pyruvic acid reacts with dinitro phenyl hydrazine (DNPH) to form a brown – reddish complex measured at wavelength 546 nm.
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Procedure:
	Reagents
	Blank
	Test

	Serum
	-----
	0.1 mL

	GOT buffer
	0.5 mL
	0.5 mL

	Distilled water
	0.1 mL
	-----

	Mix then incubate for exactly 30 minute at 37 ºC

	2,4-DNPH
	0.5 mL
	0.5 mL

	Mix, allow to stand for exactly 20 minute at 20-25 ºC

	NaOH
	5 mL
	5 mL

	Mix then read the absorbance of sample against the reagent blank after 5 minutes at 546 nm


Calculations:
Enzyme activity can be obtained from the following table:
	Absorbance
	IU/L
	Absorbance
	IU/L

	0.02
	7
	0.10
	36

	0.03
	10
	0.11
	41

	0.04
	13
	0.12
	47

	0.05
	16
	0.13
	52

	0.06
	19
	0.14
	59

	0.07
	23
	0.15
	67

	0.08
	27
	0.16
	76

	0.09
	31
	0.17
	89


Reagents Preparation:
1. GOT Buffer: [(100 mmol/L) aspartic acid + (2 mmol/L) (- keto glutaric acid] in (100 mmol/L) phosphate buffer pH 7.4.

2. 2,4-Dinitrophenylhydrazine: 2 mmol/L.

3. Sodium Hydroxide: 0.4 N.

2- Glutamate Pyruvate Transaminase (GPT):
It belongs to a class of enzymes called transaminase or transferase and its classification number (EC: 2.6.1.2). It is also known as alanine amino transferase (ALT).
Enzyme Properties:
1. The reaction activated by this enzyme is:



2. The substrate ALT of is alanine + (- keto glutaric acid.

3. The optimum conditions for this enzyme are 37 ºC and pH = 7.4.
4. The effect of anticoagulants on GPT is the same as on GOT, so serum is preferred on plasma in estimating enzyme activity.

5. Serum samples used to measure enzyme activity can be stored in the same conditions as GOT samples.

6. The normal value of the enzyme ranges between 2-15 IU / L. 

7. The enzyme is found in high concentrations in the liver as well as in heart and kidney.
Clinical Significance:
The Clinical significance of GPT comes from its direct relationship to liver disease, as it is the most specific enzyme of the liver and its high levels are rarely observed except in the case of liver disease. The most important cases where the level of the enzyme increases are:
1. Infection hepatitis.

2. Acute and viral hepatitis.

3. Liver cirrhosis and Biliary cirrhosis.

4. Liver cancer.

5. Circulatory failure.
Principle:
The principle of measuring GPT activity depends on by measuring pyrovic acid concentration produced from alanine. Pyruvic acid is reacted with DNPH to form a red-colored complex measured at a wavelength of 546 nm.

Procedure: 
	Reagents
	Blank
	Test

	Serum
	-----
	0.1 mL

	GPT buffer
	0.5 mL
	0.5 mL

	Distilled water
	0.1 mL
	-----

	Mix then incubate for exactly 30 minute at 37 ºC

	2,4-DNPH
	0.5 mL
	0.5 mL

	Mix, allow to stand for exactly 20 minute at 20-25 ºC

	NaOH
	5 mL
	5 mL

	Mix then read the absorbance of sample against the reagent blank after 5 minutes at 546 nm


Calculations:
       Enzyme activity can be obtained from the following table:
	Absorbance
	IU/l
	Absorbance
	IU/L

	0.025
	4
	0.275
	48

	0.050
	8
	0.300
	52

	0.075
	12
	0.325
	57

	0.100
	17
	0.350
	62

	0.125
	21
	0.375
	67

	0.150
	25
	0.400
	72

	0.175
	29
	0.425
	77

	0.200
	34
	0.450
	83

	0.225
	39
	0.475
	88

	0.250
	43
	0.500
	94


Reagents Preparation:
1. GPT Buffer: [200 mmol/L) alanine + (2 mmol/L) (- keto glutaric acid] in (100 mmol/L) phosphate buffer pH 7.4.

2. 2,4-Dinitrophenylhydrazine: 2 mmol/L.

3. Sodium Hydroxide: 0.4 N.
Alkaline Phosphatase (ALP)
Alkaline Phosphatase:
Alkaline phosphatase (EC: 3.1.3.1) is a general term describes a group of enzymes that were hydrolyzed enzymes group. These enzymes helping break down the bond acyl or ester phosphate, which is accompanied by another fracture in hydroxyl bond of water molecule leading to produce phenol synthesis that is similar to alcohol.

Enzyme Properties:
1. The enzyme is found in several tissues of the body where it is at high concentrations in liver, bone, intestine, kidney and placenta.
2. The origin of the enzyme found in adult serum is mainly from liver and bile duct, in addition to small amounts produced in bone that take its way into the blood.

3. The function of the enzyme inside the body is not yet understood, but some studies have shown that it has a metabolic function that can be summarized in two points:
a. Facilitates metabolites transfer across cell membranes, particularly lipids.

b. Facilitates bone stiffening and, in particular, bone calcification.

4. The optimum conditions in which the enzyme has highest activity are     37 ºC and PH = 9-10.5.

5. The normal value of the enzyme is

For adults:      3-13 K.A. / dL
For children:   6-25 K.A. / dL
6. King-Armstrong Unit (K.A.): It is defined as the amount of enzyme requird to release one milligram of phenol in 15 minutes and under optimum conditions of temperature and PH.
7. ALP level increases in pregnant women with 2-3 folds times more than the normal level. This increase is due to the increase of enzyme secretion by Placental origin.
8. The level of ALP in children is about 3 times higher than the normal level in adults. This increase is due to growth process in bone tissue cells.

9. The enzyme is activated by the presence of some bivalent metal ions such as Mg ++, Mn ++ and Co ++.

10.  Negative non-metallic ions such as phosphate, borate, oxalate and cyanide ions are considered to be inhibitors for enzyme activity.

11.  The enzyme loses its activity at a temperature of 56 ºC but is relatively stable at normal temperature.
Clinical Significance:

Estimation of ALP level is important in the diagnosis of two types of disease in particular, in which the enzyme level is increased:
   A: Bone diseases.                                        B: Hepatobiliary diseases.

1. Pagets disease.                                        1. Obstructive jaundice.

2. Rickets.                                                   2.  Biliary obstruction.

3. Bone cancer (carcinoma).

4. Osteomalasia.

Principle:
The method is based on measuring the amount of phenol produced by phenyl phosphate disociated by ALP enzyme, which is positively proportional to enzyme activity. The resulting phenol reacts with a 4-amino anti pyrene to form a red complex whose absorbance is measured at a wavelength of 510 nm.

Procedure:
	Reagents
	Serum sample
	Serum blank
	Standard
	Blank

	Substrate buffer
	2 mL
	2 mL
	2 mL
	2 mL

	Incubate for 5 minutes at 37 ºC

	Serum
	50 μL
	-----
	-----
	-----

	Standard
	-----
	-----
	50 μL
	-----

	Incubate for exactly 15 minutes at 37 ºC

	Inhibitor
	0.5 mL
	0.5 mL
	0.5 mL
	0.5 mL

	Mix well or preferably vortex

	Potassium ferricyanide
	0.5 mL
	0.5 mL
	0.5 mL
	0.5 mL

	Serum
	-----
	50 μL
	-----
	-----

	Distilled water
	-----
	-----
	-----
	50 μL

	Mix. Let stand for 10 minutes in dark then measure at 510 nm


Calculations:

N = Standard Concentration = 20 K.A./dL.

Reagents Preparation:
1. Substrate buffer: (5 mmol/L) Disodium phenyl phosphate in               (50 mmol/L) carbonate-bicarbonate buffer PH 10.

2. Standard: Phenol (equal to 20 K.A. units).

3. Inhibitor: (60 mmol/L) 4-Amino antipyrene + (7.5%) sodium arsenate.

4. Potassium ferricyanide: 150 mmol/L.
Acid Phosphatase (ACP)
Acid Phosphatase:

Acid Phosphatase ACP (EC: 3.1.3.2) includes a group of  iso-enzymes that belong to hydrolase enzymes; these enzymes activate the breakdown of phosphate ester or acyl bonds to phenol . The general reaction is:

Enzyme Properties:
1. The enzyme is found mainly in prostate gland, liver, spleen, red blood cells, blood vessels and bone marrow. Prostate gland is considered as the main source of the enzyme, contributing with one third to one half of the normal enzyme level.
2. The optimum conditions of the enzyme works are 37 ºC and PH = 4.8.

3. The enzyme is considered unstable at normal temperatures where it loses 50% of its activity if left for one hour at room temperature.

4. The enzyme is activated by the same alkaline phosphatase activators such as Mg ++, Co ++ and Mn++. Negative ions such as oxalate, cyanide, borate and phosphate are inhibitors for enzyme activity as well.

5. It is possible to distinguish between the enzyme of the prostatic source and the enzyme from other sources through the addition of D-Tartrate, which has the ability to inhibit prostate enzyme activity but does not affect the enzyme from other sources.
6. Normal value of the enzyme ranges from 1-3.5 K.A. / dL or 2.5-11.7 U/L.

Clinical Significance:
   High increase in enzyme activity occurs in prostate cancer patients where it could reach (40-50) times Higher than normal  activity ; therefore, measuring enzyme activity is very important in prostate inflammation diagnosis. In case of benign prostate gland cancer, ACP enzyme remains at its normal level or a minor increase occurs.
Furthermore, ACP enzyme activity is increased in other cases like:

1. Breast cancer.

2. Pagets disease.

3. Hyper parathyroidism.

4. Bone cancer.

5. Acute retention of urine.

Experiment Principle:
The method is based on the enzyme's ability to hydrolyze the substrate p-nitro phenyl phosphate to p-nitro phenol, which is yellow colored in alkaline medium and its absorption is measured at a wavelength of 405 nm.

Procedure: 

	Reagents
	blank
	Test 1
	Test 2

	Substrate buffer
	1 mL
	1 mL
	1 mL

	Sodium tartrate
	-----
	-----
	0.1 mL

	Incubate for exactly 5 minutes at 37 ºC

	Serum
	-----
	0.2 mL
	0.2 mL

	Incubate for exactly 30 minutes at 37 ºC

	NaOH
	10 mL
	10 mL
	10 mL

	Serum
	0.2 mL
	-----
	-----

	Mix, read the absorbance of the sample against the blank at 405 nm


Calculations:
1. Total Acid Phosphatase = 101 * A test 1 U/L
2. Prostatic Acid Phosphatase = 101 * (A test 1 – A test 2) U/L
Reagents Preparation:
1. Substrate buffer: Mix 10 ml of (5.5 mmol/L) p- nitrophenylphosphate with 10 ml of (55 mmol/L) citrate buffer PH 4.8.

2. Sodium tartrate: 200 mmol/L.

3. Sodium hydroxide: 0.2 N.
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